Abstract. Most studies of habitat use by small mammals rely on data from trapping grids. Such studies pertain to habitat use by individuals, which may not reflect population-level requirements. To meet the challenge of landscape change, it is important to understand habitat use by populations across large geographic areas. We surveyed small mammals in 48 forest remnants across a 300 km 2 study area, to investigate the influence of vegetation heterogeneity on regional distributions. Information-theoretic techniques were used to evaluate models of vegetation associations. Richness of native mammals was influenced by vegetation condition: disturbed sites supported fewer species. Models for individual species showed the agile antechinus, Antechinus agilis, to prefer structurally diverse forest vegetation, the long-nosed potoroo, Potorous tridactylus, to favour mesic shrub communities, the bush rat, Rattus fuscipes, to prefer complex low cover regardless of composition, the swamp rat, Rattus lutreolus, to favour reduced canopy cover, and the house mouse, Mus domesticus, to prefer disturbed vegetation. To satisfy the needs of all native species, a mosaic of natural vegetation is required. Degradation and simplification of forest vegetation have detrimental consequences. These results highlight the need to consider habitat quality, together with more traditional biogeographic variables, when investigating factors influencing patch occupancy by native fauna in modified landscapes.
Introduction
Wildlife conservation depends largely on understanding species' habitat requirements. Perception of habitat quality involves a combination of factors, both biotic and abiotic. For terrestrial fauna, vegetation parameters are often a strong influence on habitat preference and selection (Rosenzweig and Winakur 1969; Dueser and Shugart 1978) . Knowledge of associations between vegetation characteristics and the occurrence of species, and how species respond to vegetation heterogeneity, is essential to guide conservation and restoration efforts.
There are numerous studies of habitat selection in small mammals. Many are based on the comparative use of microhabitat features on a single trapping grid or several closely located grids (e.g. Barnett et al. 1978; Braithwaite and Gullan 1978; Gullan and Robinson 1980; Moro 1991; Bennett 1993; Haering and Fox 1995) . While valuable, the applicability of results from such studies is limited. First, data obtained from single trapping grids pertain only to habitat use by individuals. Population-level requirements may not be adequately represented. Second, important microhabitat features may not be identified, simply because the full range of heterogeneity does not occur within the limited survey area.
Knowledge of species' requirements over broad geographic areas is becoming increasingly important. Landscape change and habitat fragmentation have confined many species to isolated vegetation remnants and conservation now depends on regional, multipatch networks (Fischer and Lindenmayer 2007) . Consequently, it is vital to identify habitat associations relevant to the persistence of populations at a landscape (rather than single site) level.
The insidious effects of landscape change on natural vegetation must also be considered. Remnants of vegetation surrounded by modified land are vulnerable to disturbances, including edge effects, stock grazing and invasion by exotic species (Abensperg-Traun et al. 1996; Ludwig et al. 2000; Kupfer et al. 2006) . These processes can alter vegetation characteristics, which subsequently affects animal populations. Variation in disturbance intensity and differential vulnerability of remnants to disturbance produces a regional gradient in habitat quality (Fischer and Lindenmayer 2006; Kupfer et al. 2006) . The response of species to such gradients will undoubtedly influence distribution patterns.
The aim of this study is to investigate vegetation associations of small, ground-dwelling mammals in a fragmented forest system. We hypothesise that small mammals have distinct habitat preferences that influence their regional distribution. Investigation of these relationships will provide insights into population persistence and may identify vegetation characteristics critical to understanding patterns of patch occupancy.
Methods

Study area
The study was undertaken in a 300-km 2 area on the coastal plains of south-western Victoria, Australia (38°24′S, 142°50′E) (Fig. 1) . This area experiences a temperate climate with most rainfall (annual mean~800 mm) occurring during the winter months.
Prior to European settlement the study area was largely forested (Land Conservation Council 1976; Bennett 1990 ).
Timber harvesting and clearing for agriculture began in the late 1800s and by the middle of the twentieth century 50% of the area had been cleared (Bennett 1990) . Currently, just 9% of the study area retains native tree cover. Remnants consist of patches on private land and linear strips retained along road reserves and drainage lines (Fig. 1) . All remnants are small (<100 ha) and isolated to varying degrees (remnants typically separated by <2 km) (Fig. 1 ). Most were historically cleared and many continue to be degraded by processes including cattle grazing and weed invasion. The surrounding land consists primarily of improved pastures used for grazing dairy cattle.
Remnant vegetation is dominated by sclerophyllous, shrubby forest. Messmate, Eucalyptus obliqua, is the dominant tree species, occurring above prickly moses, Acacia verticillata, hop wattle, Acacia stricta, myrtle wattle, Acacia myrtifolia, silver banksia, Banksia marginata, prickly tea-tree, Leptospermum continentale, austral bracken, Pteridium esculentum, forest wire grass, Tetrarrhena juncea, and spinyheaded mat-rush, Lomandra longifolia. Swamp gum, Eucalyptus ovata, occurs in swampy areas in combination with A. verticillata, scented paperbark, Melaleuca squarrosa, P. esculentum and a variety of sedges and rushes. In riparian zones manna gum, Eucalyptus viminalis, becomes the dominant overstorey species. Blackwood, Acacia melanoxylon, also occurs, as does woolly tea-tree, Leptospermum lanigerum, prickly currant-bush, Coprosma quadrifida, hazel pomaderris, Pomaderris aspera, snowy daisy-bush, Olearia lirata, and various sedges, ferns and rushes.
Small mammal surveys
Surveys were conducted between November 2001 and February 2004. A stratified sampling design incorporating remnant size, isolation and vegetation heterogeneity was employed. Only vegetation heterogeneity is of relevance here (we controlled for remnant size in analyses -see below). Remnants were chosen to represent variation in vegetation, ranging from sites with only introduced pasture grasses beneath the tree canopy, to sites with intact shrub and ground layers. Sampling was also conducted within cleared farmland.
Small mammals were live-captured on transect lines incorporating five trap stations at 12-m intervals. At each station, one wire-mesh cage trap (440 × 200 × 170 mm) and one Elliott aluminium trap (325 × 90 × 100 mm) was deployed (10 traps per transect line). Traps were set for three consecutive nights. The number of transects per remnant was determined according to area, such that two transects were placed in remnants ≤3 ha (60 trap-nights), three in 3-10 ha (90 trap-nights), four in 10-20 ha (120 trap-nights), five in 20-50 ha (150 trap-nights) and six in >50 ha (180 trap-nights). Within a remnant, transects were positioned to sample any apparent variation in vegetation characteristics. Due to the uniform nature of the agricultural land, only one transect was employed at each survey site.
Traps were baited with a mixture of rolled oats, peanut butter and honey. Cage traps were wrapped in plastic, as were Elliott traps during wet weather. Dry vegetation was placed in traps to act as bedding material. Animal processing began at dawn each day and captured animals were identified, weighed, marked and assessed for reproductive condition before release at the point of capture.
Vegetation assessment
Vegetation characteristics were assessed within the middle section (~24 m-long) of each trap line. The number of live overstorey trees in four size categories (<20, 20-40, 40-60 and >60 cm diameter at breast height) was recorded on 10 m either side of the trap line. All other measurements were made within 2 m. Shrubs and other dominant species were recorded. The cover of vegetation life-forms was visually assessed using 10% increments. Life-forms included understorey trees (>5 m height), tall shrubs (2-5 m), low shrubs (<2 m), herbs, sedges/rushes, nontufted native grasses, tufted native grasses, ferns (predominantly P. esculentum), scramblers/climbers (predominantly T. juncea), bryophytes, exotic grasses (predominantly pasture grasses), and brambles (prickly ground covers; predominantly exotic Rubus sp., blackberry). Cover of litter was also recorded. Finally, the number of logs (>10 cm diameter) was counted.
Variable selection and data analyses
Response variables for analyses were the presence/absence of individual species and the species richness of native mammals. Predictor variables represented vegetation characteristics. Each trap line was used as a data point.
The number of potential predictor variables was large. To avoid over-fitting, variable reduction was conducted a priori. Principal component analysis (PCA) summarised variables relating to cover of vegetation life-forms and litter (Table 1) . Small, ground-dwelling mammals are likely to respond to complex combinations of habitat components rather than to a single element. PCA was therefore considered an appropriate technique. Three factors were extracted, together representing 54.9% of variance in the data (Table 1) . PC1 (forest disturbance gradient) has positive values for native vegetation cover (except ferns) but negative values for exotic life-forms. It represents a gradient from dense, structurally diverse forests dominated by indigenous species to those with a simplified understorey dominated by weeds (Table 1) . PC2 (forest moisture gradient) has xeric sites dominated by P. esculentum and scramblers/climbers at one end of the scale, and mesic sites with sedges/rushes at the other (Table 1) . Finally, PC3 (disturbed forest structure gradient) distinguishes between structurally diverse disturbed sites with dense cover of brambles (Rubus sp.) interspersed with scramblers/climbers, sedges/rushes and low shrubs, and simplified disturbed sites dominated by grasses (Table 1) .
Five other predictor variables, considered a priori most likely to account for species distributions, were selected (Table 2 ). The categorical variable 'time' was included because survey work occurred over >2 years. However, it was included in only three of six model groups. These groups represent the presence/absence of the agile antechinus, Antechinus agilis, the long-nosed potoroo, Potorous tridactylus, and the house mouse, Mus domesticus, whose trappability/abundance varies temporally. A. agilis undergoes dramatic annual reductions in population size when all males die and only pregnant females remain. For trapping purposes, full population size is not attained until juveniles become independent several months later. 'Time' categories used for this species were: 0 = full population in late summer/autumn/early winter (dummy variable); 1 = reduced population in late winter/spring/early summer. P. tridactylus feeds primarily on underground fungal sporocarps during autumn and winter and its trappability declines at this time (Bennett and Baxter 1989) . 'Time' categories used for this species were: 0 = higher trappability in spring/summer (dummy variable); 1 = reduced trappability during autumn/winter. Finally, M. domesticus populations fluctuate markedly in response to various influences (e.g. Mutze 1991) . 'Time' categories chosen represent the contrast in seasonal conditions: 0 = autumn/winter (dummy variable); 1 = spring/summer. 'Time' was not included as a predictor in models for other species as they are not known to undergo regular or predictable temporal changes in trappability or abundance.
Where appropriate, predictor variables were transformed to improve assumptions of normality (Tables 1 and 2 ). Predictors were also standardised to allow more direct comparison of their relative influence. No predictors were strongly correlated (all values of r <0.4).
Remnant size was not of direct interest in this study, but may influence species distributions. To control for the effect of area, the smallest remnant in which a species occurred was determined. Smaller remnants were then omitted from analyses (see Table 3 ). For native species richness, only remnants large enough to potentially contain all species were included (n = 19; minimum area = 10 ha).
The information-theoretic paradigm was employed to test hypotheses relating to vegetation associations Anderson 2001, 2002) . We adopted the modelling approach used by Gibson et al. (2004) . Models were based on all possible subsets of predictor variables. For native species richness, a generalised linear model assuming a Poisson distribution was employed (overdispersion tests indicated that the Poisson distribution was appropriate). For species presence/absence, logistic Small mammal occurrence in a fragmented landscape regression (binomial distribution) was employed. There was no evidence of overdispersion in logistic models (residual deviance was not much greater than degrees of freedom), indicating that the error structure was appropriate (Rushton et al. 2004) . For all models, Akaike's information criterion (corrected for small sample size) (AIC c ) was computed. This criterion is a representation of how much information is lost in an approximating model. The smaller the AIC c value, the better the model is at approximating reality (Burnham and Anderson 2001) . AIC c values allow models (regardless of the number of parameters) to be ranked. Calculation of AIC c differences (Δ i ; difference between a model's AIC c value and that of the best-fitting model) allows the value of models to be assessed rapidly. Only models with AIC c differences ≤2 are considered to have substantial support (Burnham and Anderson 2002) . Akaike weights (w i ; normalised model likelihoods) provide evidence that the model in question is the best model for the data (Burnham and Anderson 2002) . Summing Akaike weights (to a value of 0.95) produces a 95% confidence set for the best model (Burnham and Anderson 2002) .
In the absence of a stand-out model (w i <0.9), model-averaging (multimodel inference) is used to determine the relative importance of predictor variables. This process incorporates all models and produces weighted coefficient estimates based on Akaike weights. Akaike weights were also summed for all models that contained a particular variable. The larger the sum of weights (max. = 1), the more influential the variable (Burnham and Anderson 2002) . Regression modelling and model-averaging was performed using the R statistical program, ver. 2.1.1 (Ihaka and Gentleman 1996) and supplementary source code (M. Scroggie, unpubl. data).
For all model groups, plots of standardised residuals and Cook's distance points were generated for the global model. Outlying points were inspected to ensure their validity.
Hierarchical partitioning was used to validate modelling results. This technique averages the contribution of a predictor variable across all models in which it occurs, and identifies both the independent and joint contribution of that variable towards explaining variance in the dependent variable (Mac Nally 2000) . Predictors that make large independent contributions are more likely to be directly correlated with the dependent variable, while those that share much of their contribution with others (large joint contributions) have a more indirect relationship with the dependent variable (Mac Nally 2000). A negative joint contribution indicates that the independent variable in question masks the effects (acts as a suppressor) of other variables in the model (Chevan and Sutherland 1991) . There can be more certainty with regards to the importance of predictor variables when the results of regression modelling and hierarchical partitioning concur. Hierarchical partitioning was performed using the R statistical program and the hier.part package, ver. 0.5-2 (Walsh and Mac Nally 2004) .
The predictive ability of presence/absence models was assessed using plots of receiver-operating characteristics (ROC plots). ROC plots are threshold-independent and are not influenced by organism prevalence (Manel et al. 2001) . The area under the curve (AUC) indicates model performance and is categorised as follows: AUC values of 0.5-0.7 indicate low model performance, 0.7-0.9 moderate performance, and >0.9 high performance (after Manel et al. 2001) . ROC plots were generated for model-averaged models (all variables) and reduced models using SPSS, ver. 12.0.1.
Results
Field survey results
Surveys were conducted on 170 transect lines in 48 forest remnants (4740 trap-nights) and 12 transects in the intervening agricultural land (360 trap-nights). No mammals were detected in agricultural pastures. Six small, ground-dwelling mammal species were captured in remnants: the native A. agilis, P. tridactylus, bush rat, Rattus fuscipes, and swamp rat, Rattus lutreolus, and the introduced M. domesticus and black rat, Rattus rattus (Table 3) . R. fuscipes was the most common species, occurring in 75% of remnants and on 75% of transects. A. agilis was also relatively common, while P. tridactylus and R. lutreolus were encountered less frequently (Table 3 ). Due to its low capture rate, R. rattus was excluded from analyses. M. domesticus was excluded from models of native species richness.
Model selection
The most parsimonious models in each dataset are shown in Table 4 . Akaike weights are low for all models in all groups (Table 4 ). The number of models in the 95% confidence set (including those not appearing in Table 4 ) for each group is: native species richness = 87 (69% of all models considered); A. agilis = 68 (27%); P. tridactylus = 115 (45%); R. fuscipes = 
Native species richness
Native species richness increased with increasing density of logs and with the cover of dense, structurally diverse forest (positive association with the forest disturbance gradient: Table 5 ). These two predictors made the largest independent contributions in hierarchical partitioning analysis (Fig. 2a) . The model containing density of logs and the forest disturbance gradient received support (Table 4) . However, relatively large standard errors for parameter estimates and low sums of Akaike weights indicate some uncertainty as to the true influence of these variables (Table 5) .
Antechinus agilis
The probability of occurrence of A. agilis increased with dense and structurally diverse forest cover (PC1) and also with increasing eucalypt basal area, but decreased with increasing eucalypt species richness (Table 5 ). The forest disturbance gradient made the largest independent contribution, followed by eucalypt species richness and eucalypt basal area (Fig. 2b) . The model containing these three predictors received support
Small mammal occurrence in a fragmented landscape (Table 4 ). This reduced model and the full model-averaged model were of moderate accuracy, making correct predictions 70.9% and 72.4% of the time, respectively (Table 6) .
Potorous tridactylus
The occurrence of P. tridactylus was correlated with shrub community, the species being more likely to occur where mesic shrub species were found (Table 5) . Shrub community made a notably larger independent contribution than any other variable (Fig. 2c) . The model that included only shrub community was well supported (Table 4) . However, this reduced model performed poorly, while the full model-averaged model was of moderate accuracy (Table 6) .
Rattus fuscipes
The probability of occurrence of R. fuscipes increased with increasing cover of dense, structurally diverse forest (PC1) ( Table 5 ). The coefficient for this parameter was more than twice that of any other, and the sum of Akaike weights indicates its high probability of being in the best model (Table 5 ). The forest disturbance gradient also made a much larger independent contribution than any other parameter (Fig. 2d) . R. fuscipes was also negatively associated with the disturbed forest structure gradient (PC3), indicating a preference for sites dominated by brambles, scramblers/climbers and sedges (Table 5 ). The reduced model (containing PC1 and PC3) and the full model-averaged model performed strongly, making correct predictions more than 90% of the time (Table 6 ).
Rattus lutreolus
Rattus lutreolus was positively associated with sites dominated by P. esculentum and T. juncea (PC2) ( Table 5 and Fig. 2e ). No other variable had substantial support. The model that includes only the forest moisture gradient was ranked second in the model-selection process (Table 4 ). This reduced model and the full model-averaged model were of moderate accuracy (Table 6 ).
Mus domesticus
Mus domesticus was the only species to be negatively associated with the forest disturbance gradient (PC1), preferring disturbed, weedy sites (Table 5) . 'Time' was also important, with M. domesticus more likely to occur in remnants during autumn and winter than in spring and summer (Table 5 ). The forest disturbance gradient and 'time' made similarly large independent contributions to explaining variance in M. domesticus presence (Fig. 2f) . The model incorporating these two variables was of moderate performance, as was the full model-averaged model (Table 6 ).
Discussion
Small, ground-dwelling mammals were distributed throughout forest remnants in this study area but were absent in agricultural pastures. Two native species (R. fuscipes and A. agilis) were widespread in remnants while the other native species detected (P. tridactylus and R. lutreolus) were relatively rare. Species were influenced by vegetation characteristics to varying extents and in different ways, as a consequence of their different ecological requirements.
Native species richness increased with increasing density of logs, and was higher in dense, structurally diverse forests. Disturbed remnants (negative end of the forest disturbance gradient -PC1) supported fewer native species. Disturbed sites typically experienced frequent livestock grazing and associated pasture management (e.g. burning of fallen timber). Livestock grazing degrades natural ecosystems (e.g. Abensperg-Traun et al. 1996) by reducing indigenous vegetation cover and woody debris while increasing cover of exotic annuals (Yates et al. 2000) . In our study area, these grazing-induced changes to vegetation and habitat structure resulted in the loss of native species from forest remnants. Other studies have documented similar grazing-related impacts on native fauna (e.g. Catling and Burt 1995b; Abensperg-Traun et al. 1996; Dunstan and Fox 1996; Driscoll 2004 ).
Given that species have different responses to vegetation parameters depending on ecological requirements and life histories, the ability to predict total richness using fine-scale variables is likely to be low. Although log density and the forest disturbance gradient were positively associated with richness, sums of Akaike weights (0.769 and 0.585, respectively) suggest that their influence was only moderate. Parameters other than those considered here are also likely to influence species richness.
Antechinus agilis was more likely to occur where forest vegetation was dense and structurally diverse. Other studies have made similar findings (Moro 1991; Bennett 1993; Catling and Burt 1995b) . A. agilis is an excellent climber (Hall and Lee 1982) ; multiple vegetation strata may provide a variety of foraging substrates and protection from predators via increased vegetative cover (Lindenmayer et al. 1994) . The invertebrate prey of A. agilis may also be richer and more abundant in dense, indigenous vegetation. Areas avoided by A. agilis (those with sparse indigenous vegetation and high cover of exotic grasses) not only lack suitable cover but may also have impoverished invertebrate communities (Lindenmayer et al. 1994 ). This may be especially true where stock graze frequently (Bromham et al. 1999) .
The positive correlation between A. agilis and eucalypt basal area supports the findings of others (Banks et al. 2005) and may indicate a preference by this scansorial species for large trees. Large trees provide a greater surface area for foraging and often provide a greater variety of foraging substrates (e.g. decaying wood, dead branches, cavities). Large trees are also more likely to form hollows, an important nesting resource for A. agilis (Gibbons and Lindenmayer 2002; Banks et al. 2005) .
The negative association between A. agilis and eucalypt species richness is difficult to interpret. Post hoc inspection of the data revealed no obvious trends to explain the relationship. There were no correlations between eucalypt species richness and the forest disturbance gradient, cover of individual vegetation life-forms, or eucalypt basal area. Previous studies of A. agilis have either not identified associations with eucalypt communities (e.g. Catling and Burt 1994) , or have related such associations to understorey complexity (e.g. Gullan and Robinson 1980; Bennett 1993) .
Throughout its range, P. tridactylus occurs in a variety of vegetation communities (Seebeck et al. 1989) . Dense groundlevel vegetation cover is important, and it is often more abundant in moist environments. In this study, the presence of P. tridactylus was most strongly related to the shrub community: it was more likely to occur at sites with a mesic shrub community than those with xeric species. Density of ground-level vegetation was not a useful predictor for P. tridactylus. Bennett (1993) hypothesised that, within a single site, individuals of P. tridactylus require a mosaic of vegetation cover, including dense areas for shelter and open areas for foraging. Use of such mosaics makes the identification of important habitat variables difficult. However, despite no clear association with ground cover, P. tridactylus was not caught in remnants that did not contain at least some dense cover, nor was it encountered at sites severely disturbed by grazing. Although P. tridactylus is omnivorous, it mainly consumes hypogeal fungi (Bennett and Baxter 1989; Claridge et al. 1993) . It is likely that the distribution, abundance and activity patterns of P. tridactylus are influenced by the availability of this food resource (Claridge and Barry 2000) . Consumption of fungi by P. tridactylus is generally higher in autumn and winter than at other times of year, probably because increased soil moisture promotes a greater diversity and abundance of fungal fruiting bodies (Fogel 1976; Bennett and Baxter 1989; Claridge et al. 1993) . The association of P. tridactylus with moist areas (containing a mesic shrub community) may be the result of a more abundant and diverse supply of sporocarps in such areas. Alternative dietary items, including invertebrates, seeds and fleshy fruits (Bennett and Baxter 1989; Claridge et al. 1993) may also be more abundant where moisture levels are higher.
Rattus fuscipes was the most widespread species in the study area. Its distribution was strongly influenced by vegetation cover and complexity. In particular, R. fuscipes was positively associated with the forest disturbance gradient (PC1), showing a preference for dense, structurally diverse sites. Disturbed sites with pasture grasses were avoided. It also displayed a negative association with the disturbed forest structure gradient (PC3), occurring in forest patches with dense cover of brambles (exotic Rubus sp.) interspersed with climbing grasses (T. juncea) and sedges. Grassy, open sites were again avoided. Hence, R. fuscipes appears to require dense ground cover with structural diversity but is relatively catholic with regards to floristics. Other studies have also documented a preference for dense ground cover (Barnett et al. 1978; Lindenmayer et al. 1994; Catling et al. 2000) . Dense cover provides R. fuscipes with protection from predators while vegetation diversity provides necessary dietary resources (invertebrates, fungi, seeds, fruit and a variety of plant material).
Rattus lutreolus is not a forest species, being more commonly found in heaths and swampy areas with reduced canopy cover (Braithwaite and Gullan 1978; Moro 1991; Haering and Fox 1995) . Therefore, it is not surprising that it was uncommon in this study. Sites where R. lutreolus was present were those with abundant ferns (P. esculentum) and scramblers/climbers (T. juncea). Such areas tended to have reduced canopy, understorey tree and shrub cover. Similarly, roadside vegetation in the study area was occupied by R. lutreolus only where canopy cover was reduced (Donaldson 2002) .
The introduced M. domesticus is widespread throughout agricultural areas (Menkhorst 1995) . In forests it is often associated with disturbance, such as that caused by fire and grazing (Fox 1982; Catling and Burt 1994; Menkhorst 1995) .
Disturbance favoured M. domesticus in this study: it was associated with areas invaded by exotic grasses and brambles. M. domesticus was unlikely to occur in areas that retained intact, native vegetation. It may be advantaged by disturbance owing to the decline of native species at disturbed sites (Fox 1982) .
Occurrence of M. domesticus was also influenced by the time of year, it being more likely to be encountered during autumn and winter than spring and summer. Previous studies have identified similar trends (Bennett 1993; Catling and Burt 1995a) . During the colder months of the year M. domesticus may move from exposed habitats (e.g. cleared farmland) to seek shelter in forest remnants (Mutze 1991; Bennett 1993) . Mouse plagues in agricultural regions are also more likely to occur in late summer and autumn (Menkhorst 1995) , possibly resulting in increased numbers of mice in adjacent natural remnants in autumn and winter.
Conclusions
Vegetation composition and complexity were found to influence the distributions of small, ground-dwelling mammals in forest remnants (although considerable variance remained unexplained for some species). Differences in the response of species to vegetation characteristics indicate that a mosaic of forest vegetation (encompassing floristic and structural variation) is required to provide suitable conditions for all species. Heterogeneity of native vegetation increases the array of available conditions and resources, thus increasing the number of species able to exploit an area (Freemark and Merriam 1986; Fox and Fox 2000) .
This study incorporated multiple populations across a broad geographic area. The outcomes reflect the responses of species to landscape-level vegetation heterogeneity and are robust to single-site idiosyncrasies. Landscape-level heterogeneity may occur naturally but is exacerbated by fragmentation and landscape change (Kupfer et al. 2006; Fischer and Lindenmayer 2007) . Various edge effects and management practices have the potential to dramatically change conditions in remnants and create gradients in habitat quality (Fischer and Lindenmayer 2006; Kupfer et al. 2006) . Small mammals responded to such gradients in this study; degradation of remnant vegetation (primarily via stock grazing and associated weed invasion) reduced native species richness and was a strong negative influence on the two most widespread native species. Conversely, the introduced M. domesticus was favoured by disturbance. To maximise the habitat value of remnants for native small mammals, livestock must be excluded.
Measures of landscape spatial structure (such as remnant size or shape) are commonly used to describe distribution patterns in fragmented landscapes and may also influence the distribution of small mammals in this study area. The relative importance of spatial structure and vegetation heterogeneity will depend on the species of interest and its requirements. R. fuscipes was widespread in this study and responded strongly to vegetation parameters; measures of landscape structure may be of secondary importance for this species. Conversely, P. tridactylus had a restricted distribution that was only partly explained by vegetation characteristics; this species may be influenced more by landscape structure. These hypotheses will be the subject of future research. However, the key outcome Small mammal occurrence in a fragmented landscape from this study is recognition that vegetation heterogeneity is influential at the multipatch level and should be considered, together with biogeographic factors, when analysing determinants of patch occupancy by species in fragmented landscapes.
